Introduction {#sec0001}
============

Postoperative nausea and vomiting (PONV) is an undesirable clinical condition that increases the likelihood of dehiscence, bleeding, pulmonary aspiration of gastric contents, and electrolyte loss that lead to increased costs, prolonged hospital stays, and delayed recovery. Despite advances in the treatment of nausea and vomiting, PONV has been reported in up to 20% to 30% of all patients undergoing surgery.[@bib0001], [@bib0002] Postoperative vomiting (POV) can be a life-threatening condition by increasing the likelihood of pulmonary aspiration because airway reflexes are not fully recovered after surgery due to the effects of anesthetic and analgesic drugs. Persistent vomiting can also cause dehydration and electrolyte imbalance. Moreover, PONV is the most frequent and troublesome complication in the early postoperative period.[@bib0003]

In recent years, selective serotonin 5-hydroxytryptamine subtype 3 (5-HT3) receptor antagonists such as ondansetron, tropisetron, dolasetron, granisetron, and palonosetron have been introduced because they are effective in the prevention and treatment of PONV. The 5-HT3 receptor antagonists are more effective and safer agents with a better side effect profile than the traditional drugs.[@bib0004], [@bib0005] Ondansetron, which was developed for the treatment of chemotherapy-induced nausea and vomiting (CINV), was the first introduced. Subsequently, it was shown that ondansetron is also effective in the management of PONV.[@bib0006] Palonosetron, which is the most recently introduced agent for the treatment of CINV, has greater receptor affinity and a longer half-life than the other 5-HT3 receptor antagonists.[@bib0007] To the best of our knowledge, no single study has investigated the effects of palonosetron, tropisetron, and ondansetron on PONV in patients undergoing middle ear surgery. In this study, our aim was to investigate whether ondansetron, tropisetron, or palonosetron is more effective in reducing the incidence and severity of postoperative nausea (PON) and PONV in patients who have undergone middle ear surgeries like mastoidectomy or tympanoplasty.

Materials and Methods {#sec0002}
=====================

After receiving approval from the Human Research Ethics Committee Of Erciyes University in Turkey, we began our study with the recruitment of 165 patients aged 18 to 65 years, in American Society of Anesthesiologists grades 1 and 2, and scheduled to undergo middle ear surgery. The study was also conducted according to the Helsinki Declaration Guidelines. All patients received a detailed explanation of the study design and signed an informed consent form. Patients who were: using antiemetic drugs; had a history of motion sickness, mental retardation, vomiting, or allergy to 5-HT3 receptor antagonists; pregnant; morbidly obese; or had known cardiac, neurologic, or psychiatric disorders, were excluded from the study. The patients were randomly assigned to 1 of the 3 following groups according to the number (from 1--3) written inside the closed envelope they picked and given the relevant medication. In the ondansetron group (n = 55), 8 mg ondansetron (5 mL) was administered to each patient; in the tropisetron group (n = 55), 5 mg tropisetron (5 mL) was administered to each patient; and in the palonosetron group (n = 55), 0.075 mg palonosetron (1.5 mL) was administered to each patient (all 3 products were made up to 5 mL with normal saline). No control group was used in this study due to ethical considerations as all the patients were at risk of experiencing PONV.[@bib0008], [@bib0009], [@bib0010]

All of the drugs used in this study were prepared for administration by the same researcher who was not involved in the intraoperative or postoperative treatment of the patients. The ondansetron, tropisetron, and palonosetron dosages were identical in volume and the medications were similar in appearance with respect to color and viscosity. In addition, the syringes were similar in appearance. Also, neither the anesthesiologist nor the surgeon was able to see the composition of the solution injected in the operating theatre. The overall blinding process was implemented until all data had been entered into the database and their accuracy confirmed.

Oral intake was stopped 8 hours before surgery to empty the gastric contents. Standard monitoring, including echocardiogram, pulse oximeter, noninvasive blood pressure measurements, and end-tidal carbon dioxide testing~,~ was performed in the operating room. Anesthesia induction was achieved by using pentothal (5 mg/kg) and fentanyl (2 µg/kg) intravenously. Neuromuscular blockade was achieved by using rocuronium bromide (0.6 mg/kg IV) and endotracheal intubation was performed by inserting an orotracheal tube after sufficient muscular relaxation had been achieved. Anesthesia was maintained by using 4% to 6% desflurane in a 50%:50% nitric oxide:oxygen mixture at a flow rate of 3 L/min.[@bib0011] Nitric oxide was withdrawn before closure of the tympanic membrane to minimize the potential for nitric oxide diffusion into the middle ear, which can cause nausea and vomiting.[@bib0012] After the completion of surgery, patients with sufficient spontaneous respiration were extubated after antagonizing neuromuscular blockade with 0.02 mg/kg atropine and 0.04 mg/kg neostigmine. The patients were then transferred to the postoperative anesthesia care unit where they were monitored for at least an hour. After that, the patients were transferred to the ear, nose, and throat clinic where they were followed over a 48-hour period. Diclofenac sodium (100 mg IM) was given to patients experiencing pain and metoclopramide chloride (10 mg IM) was given to patients with nausea or vomiting. Events of nausea and vomiting, antiemetic drugs given and adverse effects such as headache and constipation were recorded during the time periods 0 to 1, 1 to 6, 6 to 12, 12 to 24, and 24 to 48 hours after surgery in the postoperative anesthesia care unit and the ear, nose, and throat clinic.[@bib0013] Nausea and vomiting after surgery were scored as follows: 0 for no nausea and vomiting, 1 for only nausea, 2 for a single nausea episode or gagging within 30 minutes, and 3 for \>1 nausea or gagging episode within 30 minutes[@bib0014] ([Table 1](#tbl0001){ref-type="table"}).Table 1Postoperative nausea and vomiting scoring system.Table 1Score 0No nausea and vomitingScore 1Only nauseaScore 2One vomiting within 30 minScore 3\>1 vomiting within 30 min

Statistical analysis {#sec0003}
--------------------

Statistical analysis was performed by using the Statistical Package for Social Sciences version 15.0 (IBM-SPSS Inc, Armonk, NY). The Kolmogorov-Smirnov test was used to assess normal distribution of parametric data. One-way ANOVA with post-hoc Bonferroni correction was used to compare the groups. The Repeated Measurements ANOVA test was used to compare repeated measurements within the groups. Normally distributed data are expressed as mean (SD) in the tables. The χ^2^ test was used to analyze nonparametric data. Nonparametric data in the tables are expressed as n (%). A probability level of *P* \< 0.05 was considered to be statistically significant.

Results {#sec0004}
=======

There were no significant differences in age, height, weight, gender, and ASA grade classification between the ondansetron, palonosetron, and tropisetron groups (*P* \> 0.05) ([Table 2](#tbl0002){ref-type="table"}). During hours 0 to 48 postsurgery, there was no statictically significant difference in the severity of PONV among the groups (*P* \> .05) ([Table 3](#tbl0003){ref-type="table"}). When the incidences of PON, POV, and PONV during the first 48 hours after surgery were compared among groups, the incidences of PON and PONV were significantly lower in the palonosetron group than in the other 2 groups (*P* \< 0.05) ([Table 4](#tbl0004){ref-type="table"}). The PONV incidence during the 12 to 24 hours postsurgery was significantly higher in the ondansetron group than in the palonosetron group (*P* = 0.013) ([Table 5](#tbl0005){ref-type="table"}). During the first hour after surgery, the need for an antiemetic agent was significantly greater in the tropisetron group than in the palonosetron group (*P* = 0.019) ([Table 6](#tbl0006){ref-type="table"}). In addition, no significant differences were observed between the groups in adverse effects such as headache, constipation, or diarrhea during the first 48 hours after surgery (*P* = .0754) ([Table 7](#tbl0007){ref-type="table"}).Table 2Age, weight, height, American Society of Anesthesiologists (ASA) score, and sex characteristics of groups.Table 2CharacteristicOndansetron (n = 55)Tropisetron (n = 55)Palonosetron (n = 55)*P* valuemean (SD)Age (y)33.1 (12.3)34.3 (11.8)33.4 (12.3)0.855Height (cm)169.5 (8.0)167.4 (8.5)167.0 (8.3)0.253Weight (kg)74.7 (12.1)73.2 (12.7)70.3 (13.8)0.191n (%)ASA score0.588 148 (87.3)46 (83.6)44 (80) 27 (12.7)9 (16.4)11 (20)Sex0.976 Female25 (45.5)25 (45.5)26 (42.3) Male30 (54.5)30 (54.5)29 (52.7)Table 3Severity of postoperative nausea, postoperative vomiting, and postoperative nausea and vomiting during 0 to 48 hours after surgery.Table 3ConditionOndansetronTropisetronPalonosetron*P* valuen (%)No nausea or vomiting20 (36.4)21 (38.2)34 (61.8)0.081Only nausea (Score = 1)27 (49.1)25 (45.5)13 (23.6)0.0811 vomiting (Score = 2)8 (14.5)8 (14.5)7 (12.8)0.081\>1 vomiting in 30 min (Score = 3)0 (0.00)1 (1.8)1 (1.8)0.081[^1]Table 4Incidences of postoperative nausea, postoperative vomiting, and postoperative nausea and vomiting.Table 4ConditionOndansetron (n = 55)Tropisetron (n = 55)Palonosetron (n = 55)*P* valuen (%)Postoperative nausea35 (63.6)[\*](#tb4fn1){ref-type="table-fn"}31 (56.4)[\*](#tb4fn1){ref-type="table-fn"}18 (32.7)0.003Postoperative vomiting8 (14.5)9 (16.4)8 (14.5)0.954Postoperative nausea and vomiting35 (63.6)[\*](#tb4fn1){ref-type="table-fn"}34 (61.8)[\*](#tb4fn1){ref-type="table-fn"}21 (38.2)0.011[^2]Table 5Distribution of postoperative nausea and vomiting according to time intervals.Table 5HourOndansetronTropisetronPalonosetron*P* valuen (%)0-125 (45.5)21 (38.2)13 (23.6)0.0521-617 (30.9)18 (32.7)15 (27.3)0.8186-1210 (18.2)8 (14.5)7 (12.7)0.71912-2415 (27.3)[\*](#tb5fn1){ref-type="table-fn"}7 (12.7)5 (9.1)0.02424-488 (14.5)5 (9.1)3 (5.5)0.268[^3]Table 6Need for postoperative antiemetic agent.Table 6HourOndansetron (n = 55)Tropisetron (n = 5)Palonosetron (n = 55)*P* valuen (%)0-110 (18.2)14 (25.5)4 (7.3)[\*](#tb6fn1){ref-type="table-fn"}0.0381-613 (23.6)20 (36.4)13 (23.6)0.2286-125 (9.1)5 (9.1)8 (14.5)0.58312-248 (14.5)7 (12.7)3 (5.5)0.27024-485 (9.1)3 (5.5)3 (5.5)0.6770-4827 (49.1)32 (58.2)20 (36.4)0.071[^4]Table 7Distribution of adverse effect according to groups.Table 7Adverse effectOndansetronTropisetronPalonosetron*P* value[\*](#tb7fn1){ref-type="table-fn"}n (%)Headache10 (18.2)9 (16.4)11 (20.0)0.754Constipation4 (7.3)7 (12.7)7 (12.7)0.754Diarrhea0 (0.00)1 (1.80)0 (0.00)0.754[^5]

Discussion {#sec0005}
==========

Many agents, including anxiolytics, dopamine receptor antagonists, antihistamines, anticholinergic agents, corticosteroids, and 5-HT3 receptor antagonists, have been compared for the treatment of nausea and vomiting in patients in medical and surgical settings.[@bib0015], [@bib0016]

Carlisle et al[@bib0017] published a systematic review that included 737 randomized, controlled studies that involved 103,237 patients and reported that 8 agents, namely droperidol, metoclopramide, ondansetron, tropisetron, dolasetron, dexamethasone, cyclizine, and granisetron, are effective in the treatment of PONV when compared with a placebo. The highest PONV incidence reported was 80% and 72% of treated patients did not experience any improvement.[@bib0017]

In the current study, the PON incidence during the first 48 hours postsurgery was 32.7% in the palonosetron group, 56.4% in the tropisetron group, and 63.6% in the ondansetron group. Preventive effect against PON for palonosetron was found to be statistically higher than the other two formulations (*P* \< 0.05). The POV incidence during the same period was 14.4% in the palonosetron group, 16.4% in the tropisetron group, and 14.5% in the ondansetron group, with no statistically significant difference between the groups (*P* \> 0.05).

During the study period, the incidence of PONV was 38.2% in the palonosetron group, 61.8% in the tropisetron group, and 63.6% in the ondansetron group, with the PONV incidence significantly lower in the palonosetron group than in other groups (*P* \< 0.05). The incidence of adverse effects (ie, headache and constipation) related to the 5-HT3 receptor antagonists was 32.7% in the palonosetron group, 30.8% in the tropisetron group, and 25.5% in the ondansetron group, with no statistically significant differences among them (*P* \> 0.05).[@bib0018]

In a study of 120 patients, Jellish et al[@bib0011] compared the effects of ondansetron (4 mg IV), droperidol (25 µg/kg IV), and a placebo during the first 24 hours after surgery on patients who had undergone middle ear procedures. The incidences of PON and POV were 35% and 18%, respectively, during the first 24 hours after surgery in the ondansetron group, whereas additional antiemetic agents were needed by 23% of patients. These rates were reported as 50%, 32%, and 30%, respectively, in the placebo group.

Jellish et al[@bib0011] stated that ondansetron prevented POV more effectively than PON. In addition, the POV incidence was significantly lower in the ondansetron group than the placebo group. The POV incidence in that study was comparable with our data (18% vs 14% in our study). However, the PON incidence (63.6%) was significantly higher than in our study. Jellish et al[@bib0011] further reported that the difference in PON incidence could be due to causes such as insufficient use of nitric oxide in the maintenance of anesthesia, use of orogastric decompression before surgery, preoperative midazolam administration, use of anticholinesterase after anesthesia, and a higher number of male patients in the ondansetron group. In addition, the shorter follow-up period (24 hours) in the study of Jellish et al[@bib0011] explains the higher level of antiemetic agent use reported in our study.

In a placebo-controlled study of 87 patients who underwent middle ear surgery, Khalil et al[@bib0025] administered ondansetron (intravenously) to the study group and normal saline to the control group. In the follow-up period of 24 hours, the PON incidence was 42% in the placebo group and 24% in the ondansetron group, whereas the POV incidence was 63% in the placebo group and 38% in the ondansetron group. Moreover, the PONV incidence was 74% in the placebo group and 48% in the ondansetron group. No significant differences were detected between the ondansetron and placebo groups regarding the incidences of PON, POV, and PONV.[@bib0019] In our study, the incidences of PON and PONV in the ondansetron group were higher and the POV incidence was lower than reported by Khalil et al.[@bib0025] The lower POV incidence can probably be explained by the higher dose (double) of ondansetron administered in our study. In addition, the lower PON incidence in that study could be due to midazolam being used in premedication.

The finding by Madenoglu et al[@bib0020] in a randomized, double-blinded, placebo-controlled study that tropisetron reduced PON more effectively than POV is supported by our findings. However, our finding that POV was lower by 16.3% than reported by Madenoglu et al,[@bib0020] despite the longer follow-up period (48 hours) in our study, could be due to the higher tropisetron dose (5 mg) used in our study. In addition, dexamethasone use for surgical reasons in all patient groups in the study by Madenoglu et al[@bib0020] could explain the lower PON incidence in our tropisetron group. Separately, in our study, the need for additional antiemetic agents in the palonosetron group appears comparable to that reported in the study of Madenoglu et al[@bib0020] in which 0.075 mg palonosetron was also administered.

Although 5-HT3 receptor antagonists were first used in the treatment of CINV, they were later proven to be effective in PONV treatment. However, it has been reported that 5-HT3 receptor antagonists are not as effective for the treatment of PONV. Nausea or vomiting episodes occur more frequently than expected in some cases when 5-HT3 receptor antagonists are used for the treatment of nausea or vomiting. This finding has been attributed to genetic variations in cytochrome P450 enzymes that reduce the effects of 5-HT3 receptor antagonists.[@bib0021]

In a Phase III study of 564 patients who underwent chemotherapy, Gralla et al[@bib0022] investigated the effects of palonosetron (0.025 and 0.075 mg) and ondansetron (32 mg) on CINV during a period of 120 hours. The authors showed that both doses of palonosetron were as effective as ondansetron in CINV treatment. In the same study, the rates of adverse effects such as headache, constipation, or dizziness were 10.1% in the ondansetron group and 6.9% and 8.5% for the palonosetron doses of 0.025 and 0.075 mg, respectively.[@bib0022] In our study, palonosetron was found to be statistically more effective than ondansetron for the treatment of PONV. However, the rate of adverse effects in our study was higher than observed by Gralla et al.[@bib0022] This difference is probably due to the different type of surgical intervention; that is, the likelihood of headache as surgery-related in patients who had undergone middle ear surgery as opposed to general anesthesia.

In a review of 34 articles that included 1267 patients, Kazemi-Kjellberg et al[@bib0023] evaluated 10 antiemetic agents that included ondansetron, tropisetron, dolasetron, and granisetron. The authors concluded that 5-HT3 receptor antagonists are effective in preventing PONV but more effective in preventing vomiting than nausea.[@bib0023] Palonosetron, a novel 5-HT3 receptor antagonist, was not included in the review.[@bib0023] In a molecular study by Rojas et al[@bib0024] the interaction between palonosetron and 5-HT3 receptors was evaluated. The authors concluded that palonosetron interacts with 5-HT3 receptors in a different manner to the other 5-HT3 receptor antagonists because it has a specific molecular structure.[@bib0024] In our study, the higher receptor affinity of the novel agent palonosetron and the allosteric characteristic of serotonin antagonism appear to have played a role in the finding that palonosetron was statistically more effective in the prevention of PONV than the other 2 formulations.

According to Sing et al,[@bib0025] palonosetron had a higher efficacy for the control of early-term PONV than a placebo, granisetron, and ondansetron. They concluded that palonosetron is only as reliable and effective as a placebo, ramosetron, granisetron, and ondansetron in terms of preventing late PONV.[@bib0025]

The results of a meta-analysis performed by Li et al[@bib0026] suggested that because there was no increase in the risk of side effects with palonosetron, intravenous palonosetron would be better as a prophylactic antiemetic 5-HT3 receptor antagonist for preventing PONV than a placebo or first-generation 5-HT3 receptor antagonist.[@bib0026]

In our study, amongst the 5-HT3 receptor antagonists compared, palonosetron was statistically found to be as effective as the other 2 formulations in the prevention of POV. In addition, it was statistically found to be more effective than the other 2 formulations in the prevention of PON. Furthermore, our study supports the results of earlier studies that suggest that palonosetron is statistically more effective in the prevention of PONV than the other 2 formulations.

Currently, the improvement of patient satisfaction, as well as reducing the length of hospital stay and costs, are considered the most important criteria in the assessment of health care professionals and facilities.[@bib0027] Among the factors that may influence the assessment of these criteria is the success rate in the prevention of PONV. From that perspective, the treatment of PONV should be done with effective agents that achieve a low level of adverse effects and lower costs.

When compared with conventional antiemetic agents, 5-HT3 receptor antagonists are superior agents for the treatment of PONV in terms of safety and adverse effect profiles. However, PONV prophylaxis should not be recommended routinely for all patients. It is more appropriate to give prophylaxis to high-risk patients by analyzing risk factors that can result from the anesthesia technique and surgical procedure employed.[@bib0028]

Conclusions {#sec0006}
===========

There were no statistically significant differences in the effectiveness of palonosetron, ondansetron, and tropisetron on the severity of POV. However, palonosetron was found to be more effective in reducing PON and PONV than the other 2 formulations compared.
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